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Patentee respectfully requests the correction of an error found in the above-captioned 
patent. There is a typographical errors in columns 1, 2, 5 and 6 of issued U.S. Patent No. 
6,891,443. 

More specifically: 

(1) In column 1, line 13, a period is missing from the end of the sentence, "In some cases 
the oscillation frequency can increase with temperature, whereas in other cases the oscillation 
frequency can decrease with temperature". 

(2) In column 2, line 65, the parenthetical term "(shorts)" should read "(shorts out)" as it 
appears on page 5, line 3 of the application as filed.. 

(3) In column 5, line 65, (claim 3, line 1) the word "Circuit" should read "Circuitry" as it 
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Express !■ jl Label No. EL844514482US 



TITLE OF THE INVENTION 
OSCILLATOR 



FIELD OF THE INVENTION 

This invention, relates to oscillator circuits and particularly 
to temperature compensated oscillator circuits. 



BACKGROUND OF THE INVENTION 

A problem with many known types of oscillator circuit is that 
variations in temperature cause changes in the oscillation 
frequency. In some cases the oscillation frequency can increase 
with temperature, whereas in other cases the oscillation 
frequency can decrease with temperature. For example, consider 
oscillator circuits which rely on repeated charging and 
discharging cycles of a capacitor to generate an oscillating 
voltage signal. A problem with such oscillator circuits can be 
•that the rate of current flow . on and off the capacitor C 

increases with increasing temperature. As a result, the 

capacitor charges and discharges faster at high temperatures and 
;thus reaches respective upper and lover voltage limits in less 
* time. This means that the frequency of the oscillating signal 

increases with temperature and hence such oscillators are 

unreliable in timing applications, 

SUMMARY OF THE INVENTION 

.Embodiments of the present invention seek to provide oscillator 
.circuits having improved temperature characteristics . 

According to a first aspect of the present invention, there is 
provided oscillator circuitry .comprising a capacitor; capacitor 
: charging means arranged to supply a current to charge the 
'capacitor to a first predetermined threshold voltage; capacitor 
.discharging means arranged to discharge the capacitor to a 
: second predetermined threshold voltage; and switching means 
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transistor Ml turned on, the capacitor C enters its discharging 
phase. The capacitor C is discharged by a predetermined amount. 
Since the conducting transistor M2 bypasses (shorts cut) the 
third resistor R3 , the voltage V 2 at the node 32 referred to the 
power supply rail 14 is reduced to a lower voltage. The 
capacitor C discharges until a lower threshold is reached at 
which point in time the comparator switches back thereby turning 
off the transistors Ml and M2 to begin the charging cycle again. 

Thus the capacitor C is charged by the first current source 16 
until an upper threshold voltage close to the supply voltage is 
reached. The current supply to the capacitor is then 

"reversed", such that the capacitor C is discharged until a 
lower threshold voltage close to zero volts is reached. The 
current supply is -reversed" again and the cycle repeated. 
Repeat cycles of charging and discharging the capacitor C 
produce voltage oscillations on the capacitor referred to the 
second power supply rail 14. The voltage across the capacitor 
plates represents a substantially criangular waveform ever time. 
• A square wave for example for use in timing applicaticr.3 can be 
produced from the triangular wave by taking the output of an 
inverter having its input connected to the capacitor or the 
output of the comparator. 

i Figure 2 shows an oscillator circuit 100 in accordance with an 
embodiment of the invention which is capable of generating an 
: output signal having a frequency which is substantially 
^ independent of temperature variations. The oscillatcr circuit 
'> 100 comprises a first power supply rail 112 and a second power 
supply rail 114. A first IPTAT current source 116 is connected 
between the first power supply rail 112 and a first transistor 
M3- The transistor M3 has its controllable path connected 
' between the first current source 116 and a second IPTAT current 
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IN THE CLAIMS 

Applicant submits below a complete listing of the current claims, with insertions 
indicated by underlining and deletions indicated by strikeouts and/or double bracketing. This 
listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of the Claims 

1 . (Currently amended) Oscillator circuitry comprising: 
a capacitor; 

capacitor charging means arranged to supply a current to charge the capacitor to a first 
predetermined threshold voltage; 

capacitor discharging means arranged to discharge the capacitor to a second 
predetermined threshold voltage; and 

switching means arranged to switch between a capacitor discharging mode and a 
capacitor charging mode responsive to reaching at least one of said threshold voltages, wherein 
the at least one threshold voltage is determined by a threshold setting means,, which provides a 
voltag e thr e shold which vari e s 

said threshold setting means comprising a series combination of at least one diode- 
connected transistor and a resistor, said threshold setting means setting the second 
predetermined voltage to compensate for changes in temperature by varying a voltag e differ e nc e 
, so as to vary the voltage swing between said first predetermined threshold voltage and said 
second predetermined threshold voltage to maintain an oscillation frequency substantially 
independent of temperature. 

2. (Currently amended) Circuitry as claimed in claim 1, wherein the threshold 
setting means further comprises a current source and a r e sistiv e m e ans which vari e s in resistanc e 
in d e p e ndenc e upon temp e ratur e. 

3. (Original) Circuitry as claimed in claim 1 , wherein the switching means 
comprises a comparator arranged to monitor voltage across the capacitor and to trigger a change 
between the discharging and charging modes. 
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Prior to examination on the merits of the application, please amend the above-identified 
application as follows: 

Amendments to the Claims begin on page 2 of this amendment. 
Remarks begin on page 7 of this amendment. 
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4. (Currently amended) Circuitry as claimed in claim 3, wherein the comparator is 
connected to a first control transistor which sets selects the first and second predetermined 
threshold voltages of for charging and discharging the capacitor. 

5. (Currently amended) Circuitry as claimed in claim 4, wherein the first control 
transistor is arranged to selectively by-pass an e l e m e nt of a r e sistiv e chain the resistor . 

6. (Original) Circuitry as claimed in claim 3, wherein the comparator is connected 
to a second control transistor which controls current flow to facilitate charging and discharging 
of the capacitor means. 

7. (Currently amended) Circuitry as claimed in claim 2, wherein the r e sistive 
threshold setting means comprises more than one or mor e diode connected transistors. 

8. (Original) Circuitry as claimed in claim 1, wherein the capacitor charging means 
comprises a current source. 

9. (Original) Circuitry as claimed in claim 1, wherein the capacitor discharging 
means comprises a current source. 

10. (Currently amended) Oscillator circuitry comprising: 
a capacitor; 

a capacitor charger arranged to supply a current to charge the capacitor to a first 
predetermined threshold voltage; 

a capacitor discharger arranged to discharge the capacitor to a second predetermined 
threshold voltage; and 

a switch arranged to switch between a capacitor discharging mode and a capacitor 
charging mode responsive to reaching at least one of said threshold voltages, wherein the at least 
one threshold voltage is determined by a thr e shold setting m e ans a series combination of at least 
one diode-connected transistor and a resistor, said combination setting the second 
predetermined voltage which provides a voltage threshold which varies to compensate for 
changes in temperature by varying a voltag e differ e nce so as to vary the voltage swing between 
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said first predetermined threshold voltage and said second predetermined threshold voltage to 
maintain an oscillation frequency substantially independent of temperature. 

11. (Cancelled). 

12. (Cancelled). 

13. (Previously Presented) The oscillator circuitry of claim 1, wherein a charge and 
discharge frequency of the capacitor is independent of temperature. 

14. (Previously Presented) The oscillator circuitry of claim 3, wherein a comparator 
output frequency is independent of temperature. 

15. (Currently amended) The oscillator circuitry of claim 10, wherein the threshold 
s e tting means series combination further comprises a current source and a r e sistiv e means which 
varies in r e sistance in dependenc e upon t e mperature . 

16. (Previously Presented) The oscillator circuitry of claim 10, wherein the switch 
comprises a comparator arranged to monitor voltage across the capacitor and to trigger a change 
between the discharging and charging modes. 

17. (Currently amended) The oscillator circuitry of claim 16, wherein the comparator 
is connected to a first control transistor which sets selects the first and second predetermined 
threshold voltages ef for charging and discharging the capacitor. 

18. (Currently amended) The oscillator circuitry of claim 17, wherein the first control 
transistor is arranged to selectively by-pass an e l e m e nt of a r e sistive chain the resistor . 

19. (Previously Presented) The oscillator circuitry of claim 16, wherein the 
comparator is connected to a second control transistor which controls current flow to facilitate 
charging and discharging of the capacitor. 
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20. (Currently amended) The oscillator circuitry of claim 15, wherein the resistive 
means comprises more than one or mor e diode connected transistors. 

21 . (Previously Presented) The oscillator circuitry of claim 10, wherein the capacitor 
charger comprises a current source. 

22. (Previously Presented) The oscillator circuitry of claim 10, wherein the capacitor 
discharger comprises a current source. 

23. (Cancelled). 

24. (Cancelled). 

25. (Previously Presented) The oscillator circuitry of claim 10, wherein a charge and 
discharge frequency of the capacitor is independent of temperature. 

26. (Previously Presented) The oscillator circuitry of claim 16, wherein a comparator 
output frequency does not vary with temperature. 

27. (Currently amended) A method of providing an oscillating voltage signal, the 
method comprising the acts of: 

increasing a voltage signal until the voltage signal reaches a first threshold voltage; 
decreasing the voltage signal until the voltage signal reaches a second threshold voltage; 

and 

varying a difference between the first threshold voltage and the second threshold voltage,, 
wherein the second predetermined voltage is determined by a series combination of at least one 
diode-connected transistor and a resistor, the second predetermined voltage is varied in response 
to changes in temperature to maintain an oscillation frequency substantially independent of 
temperature. 
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28. (Previously Presented) The method of claim 27, wherein the act of increasing the 
voltage signal includes an act of increasing the voltage signal at a rate that varies with 
temperature. 

29. (Previously Presented) The method of claim 27, wherein the act of decreasing the 
voltage signal includes an act of decreasing the voltage signal at a rate that varies with 
temperature. 

30. (Previously Presented) The method of claim 27, wherein the act of increasing the 
voltage signal includes an act of charging a capacitor. 

3 1 . (Previously Presented) The method of claim 27, wherein the act of decreasing the 
voltage signal includes an act of discharging a capacitor. 
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REMARKS 

In view of the foregoing amendments and remarks, this application should now be in 
condition for allowance. A notice to this effect is respectfully requested. If the Examiner 
believes, after this amendment, that the application is not in condition for allowance, the 
Examiner is requested to call the Applicant's attorney at the telephone number listed below. 

If this response is not considered timely filed and if a request for an extension of time is 
otherwise absent, Applicant hereby requests any necessary extension of time. If there is a fee 
occasioned by this response, including an extension fee that is not covered by an enclosed check, 
please charge any deficiency to Deposit Account No. 23/2825. 



CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8(a) 

I hereby certify that this document is being placed in the 
United States mail with first-class postage attached, addressed 
to the Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 223 13-1450 on July 12, 2004. 




By: 



Attorney Docket No.: 
X07/12/04 



S1022.80742US00 



Respectfully submitted, 
Tahir Rashid, Applicant 




Daniel P. McLoughl 
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WOLF, GREENFIELD 
600 Atlantic Avenue 
Boston, Massachusetts 02210 
Tel. (617) 720-3500 
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/ OSCILLATOR FIG. 1 shows a first embodiment of an oscillator circuit; 

^ FIG. 2 shows another oscillator circuit embodying the 

FIELD OF THE INVENTION pr ^° l > nvention ; and 

FIG. 3 shows the variation of output voltage over time for 
This invention relates to oscillator circuits and partial- 5 the oscillator 0 f piG. 2 at two different temperatures, 
larly to temperature compensated oscillator circuits. 

DESCRIPTION OF PREFERRED 
BACKGROUND OF THE INVENTION EMBODIMENTS OF THE PRESENT 

A problem with many known types of oscillator circuit is INVENTION 

that variations in temperature cause changes in the oscilla- 10 Qne of circuh w ^ shown jn nG j ^ 

tion frequency. In some cases the oscillation frequency can osd]lator circuit w a firsl , rail 12 

increase with temperature whereas in other cases the oscil- and , { fafl u A fifs| u 

lation frequency can decrease with temperature For is connected between the first power supply rail 12 and a first 

example, consider osallator circuits wh.ch rely on repeated Xtm ^ jX m lQ , e IpTAT , 0 rtional to 

charging and discharging cycles of a capacitor to generate an is absolu , e , em rature ^ 

transistor Ml has its controllable 

oscillating voltage signal. A problem with such oscillator atn ^twecn the first current source 16 and a 

c.rcuits can be that the rate of current flow on and off the second ipxAT current source 18 which is itself connected to 

capacitor C increases with increasmg temperature As a ^ xcoad , rail 14 ^ fits , currentsource 16 

result, the capacitor charges and discharges faster at high ^ transistor Ml and the second current source 18 are 

temperatures and thus reaches respective upper and lower 20 connected m series between ^ ^ , rail n 

voltage limits in less time. This means that the frequency of and , he xcood , rail u *~ 

the oscillating signal increases with temperature and hence . .. _ , _ . / . , . . „ 

. -ii . ,. .. A capacitor C has a first terminal connected to a node 20 

such oscillators are unreliable in timing applications. . . * c . . iw™»,i«iiu.u«»«, 

6 v * between the first current source 16 and the transistor Ml. 

SUMMARY OF THE INVENTION ^ The second terminal of the capacitor C is connected to the 

Embodiments of the present invention seek to provide P° we " u PPly rail 14. A comparator 30 is disposed in 

oscillator circuits having improved temperature characteris- ^ ClrCU ( lt ™ " 85 to » f"**** devlce - ^ 

comparator 30 has a first (positive) input connected to the 

" _ - , . first terminal of the capacitor C and the node 20 between the 

Accordmg to a first aspect of the present invention, there fl[st cunent 16 ^ me tnmsistor m A 

is provided oscillator circuitry comprising a capacitor; (negative) input of the comparator 30 is connected to anode 

capacitor charging means arranged to supply a current to 32 of a resistiye chain ^ first ^ ^ 

charge the capacitor to a first predetermined threshold volt- resistoIS R R ^ R ^ resistQrs R ^ ^ R are 

age; capacitor discharging means arranged to discharge the in series between the first power supply rail 12 

capacitor to a second predetermmed threshold voltage; and ^ ^ j ^ 14 ^ node 32 tQ wWch 

switching means arranged to switch between a capacitor 35 ffie rf ^ ^ 30 h 0Mmected ^ at the 

discharging mode and a capaotor charging mode responsive ■ actioa between me fir5t resistor R md me 

to reaching at least one of said threshold voltages, wherein ^ of ^ resistive chain R ^ and R 

the at least one threshold voltage is determined by a thresh- < . r 

old setting means which provides a voltage threshold which ^ ° Ut P Ut 3 , 4 f *f ""P"*? ( 30 » "n** 10 the 

• c ^ ^ mnonr . D ^, ^_„ OI . - ^ 40 control terminal of a further transistor M2 which has its 

varies to compensate tor changes in temperature. w * « t_i *t_ . * . . 

_ - , , , 1 , , , . . controllable path connected between the second power sup- 

Preferably, the threshold setting means comprises a cur- j raQ u and a node 36 betwccn to secoQd rcsistor R and 

rent source and a resisUve means which vanes in resistance ^ ^ resistor R of tfae fesistive chain R R and R ^ 

m dependence upon temperature. output 34 of the comparator 30 is also suppUed to the control 

In preferred embodiments, the switching means com- 45 terminal of the first transistor Ml. The first and second 

prises a comparator arranged to monitor voltage across the transistors Ml and M2 are thus both controlled by the output 

capacitor and to trigger a change between the discharging s i gnai 0 f the comparator 30. 

and charging modes. In ^ aboye drcuit tfaere are twQ CQmjA u n 

In such case, the comparator is connected to a first control the first current source 16 produces the current I and the 

transistor which sets the first and second predetermined 50 second current ig produces the current 21. In the 

threshold voltages of the capacitor charging phase of the capacitor, the transistors Ml and M2 

The first control transistor may be arranged to selectively are turned off. With the transistor Ml in an off state, the 

by-pass an element of a resistive chain. current I from the first current source 16 is supplied to the 

Preferably, the comparator is also connected to a second first terminal of the capacitor C. The voltage Vj on the 

control transistor which controls current flow to facilitate 55 capacitor C (i.e. the voltage on the first terminal of the 

charging and discharging of the capacitor means. capacitor referred to the second supply rail) rises until it 

TVpicaUy. the resistive means comprises one or more reaches the voltage V 2 of the junction between the first and 

diode-connected transistors. second resistors R x and R 2 referred to the second supply rail 

Each said capacitor charging means comprising a current ^* 

source and preferably an IPTAT current source. Preferably, 60 Whea the voltage V a on the capacitor C reaches the 

each said capacitor discharging means comprises a current voltage V 2 at the node 32, the transistors Ml and M2 are 

source of the same type. turned on. With the transistor Ml turned on, the capacitor C 

enters its discharging phase. The capacitor C is discharged 

BRIEF DESCRIPTION OF THE DRAWINGS by , predetermin ^ 

amount. Since the conducting transistor 

Embodiments of the present invention will now be 65 M2 bypasses (shorts) the third resistor R3, the voltage V 2 at 

described by way of example only with reference to the the node 32 referred to the power supply rail 14 is reduced 

accompanying drawings in which: to a lower voltage. The capacitor C discharges until a lower 
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threshold during the discharging phase of a capacitor C in 4. Circuitry as claimed in claim 1, wherein the switching 

a circuit such as that shown in FIG. 2 is dependent on the means comprises a comparator arranged to monitor voltage 

resistance of the diode-connected transistor. The lower volt- across the capacitor and to trigger a change between the 

age threshold LL^ at temperature T 2 is less than the lower discharging and charging modes. 

voltage threshold LL^ at the temperature T x . The voltage 5 5. Circuitry as claimed in claim 4, wherein the comparator 

across the diode-connected transistor M5 gets smaller with is connected to a first control transistor which selects the first 

increasing temperature and hence the lower voltage thresh- and second predetermined threshold voltages for charging 

old LLyj at higher temperatures is shifted to a lower value and discharging the capacitor. 

by a potential difference AV. The downward shift in the 6. Circuitry as claimed in claim 5, wherein the first control 
lower voltage threshold means that the capacitor C must 1Q transistor is arranged to selectively by-pass the resistor, 

undertake a larger voltage swing between the upper and 7. Circuitry as claimed in claim 4, wherein the comparator 

lower voltage thresholds defining the charged and dis- is connected to a second control transistor which controls 

charged states. The larger voltage swing compensates for the current flow to facilitate charging and discharging of the 

increased charging and discharging rates such that the period capacitor means 

of oscillation at the higher temperature is substantially the g m osdUa ^ r drcuit of daim 4 whereifl a ra _ 

same asm thelower temperahare case (i.e. me period t, -the « {QT f ^ ^ dent of temperature . 

period That is, the osculation frequency remains the 9 circuitry as claimed in claim 1, wherein the capacitor 

same at the higher temperature T- as it is at the lower u • / 

tem erature T charging means comprises a current source. 

... Y . , , . . 10. Circuitry as claimed in claim 1, wherein the capacitor 

Oscillator circuits embodying the present invention can discharging means comprises a current source, 
provide an oscillating waveform at frequencies which do not 20 u oscillator circuitry comprising: 

vary in dependence upon temperature conditions. This is capacitor 

achieved by employing threshold voltage setting means . * 

which can vary a voltage level at which the oscillator a capacitor charger arranged to supply a current to charge 

switches between oscillation cycles in dependence upon the me ca P acitor 10 a fiist P red etenmned threshold voltage; 
temperature of the environment in which the oscillator is 25 a ca P acitor char S er arranged to discharge the capacitor to 

operating. a ^^d^ predetermined threshold voltage; and 

In the preferred embodiment a current source is imple- a switch "ranged to switch between a capacitor discharg- 

mented as a single diode-connected transistor M5. The mg mode and a capacitor charging mode responsive to 

skilled person would appreciate that while only one such reaching at least one of said threshold voltages, 

diode-connected transistor is designated by reference 30 wherem the at least one threshold voltage is detennined 

numeral M5 two or more diode-connected transistors may b ? a combmatlon of at least one <hode<onnected 

be coupled together and used to facilitate larger voltage transistor and a resistor, said combination setting the 

swings second predetermined voltage to compensate for 

Embodiments of the present invention are not limited to „ ^ es *f" i0lt ? f° u . t0 ?>? ™ lta 8 e 
the configuration of the embodiment described herein. Spe- 35 be . t T en "? Predetermined thresho d voltage and 
cifically the embodiment described herein is intended to "J* 'predetermined threshold voltage to mam- 
illustrate one example of a configuration which may be used U f m 80 osc ^ boa frequency substantially independent 
to implement the invention. °l! empel ?r ire - . . t 

What is claimed is- oscillator circuitry of claim 1, wherem a charge 

1. Oscillator circuitry comprising: 40 dischar g e frequency of the capacitor is independent of 

. temperature. 

" . ' . , 13. The oscillator circuitry of claim 11, wherein the series 

capacitor charging means arranged to supply a current to combination further comprises a current source. 

charge the capacitor to a first predetermined threshold 14 ^ osdlliI ,or circuitry of claim 13, wherein the 

voltage, 45 i^sistive comprises more than one diode connected transis- 

capacitor discharging means arranged to discharge the t ors 

capacitor to a second predetermined threshold voltage; 15. The oscillator circuitry of claim 11, wherein the switch 

ajK ^ comprises a comparator arranged to monitor voltage across 

switching means arranged to switch between a capacitor the capacitor and a trigger a change between the discharging 

discharging mode and a capacitor charging mode 50 and charging modes. 

responsive to reaching at least one of said threshold 16. The oscillator circuitry of claim 15, wherein the 

voltages, wherein the at least one threshold voltage is comparator is connected to a first control transistor which 

determined by a threshold setting means, selects the first and second predetermined threshold voltages 

said threshold setting means comprising a series combi- for charging and discharging the capacitor. 

nation of at least one diode-connected transistor and a 55 17. The oscillator circuitry of claim 16, wherein the first 

resistor, said threshold setting means setting the second control transistor is arranged to selectively by-pass the 

predetermined voltage to compensate for changes in resistor. 

temperature, so as to vary the voltage swing between 18. The oscillator circuitry of claim 15, wherein the 

said first predetermined threshold voltage and said comparator is connected to a second control transistor which 

second predetermined threshold voltage to maintain an 60 controls current flow to facilitate charging and discharging 

oscillation frequency substantially independent of tem- of the capacitor. 

perature. 19. The oscillator circuitry of claim 15, wherein a com- 

2. Circuitry as claimed in claim 1, wherein the threshold parator output frequency does not vary with temperature, 
setting means further comprises a current source. 20. The oscillator circuitry of claim 11, wherein the 

3. Circuit as claimed in claim 2, wherein the threshold 65 capacitor charger comprises a current source. 

setting means comprises more than one diode connected 21. The oscillator circuitry of claim 11, wherein the 

transistors. capacitor discharger comprises a current source. 
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Col. 1 5 line 13, should read: 

— lation frequency can decrease with temperature. 

Col. 2, line 65, should read: 

— M2 bypasses (shorts) the third resistor R3, the voltage V2 at— 
Col. 5, line 65, should read: 

-Circuitry as claimed in claim 2, wherein the threshold — 
Col. 6, line 45, should read: 

—resistive means comprises more than one diode connected transis- 
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-the capacitor and to trigger a change between the discharging — 
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